Abstract. BACKGROUND: Cardiac syndrome X (CSX) is a condition characterized by chest pain with normal coronary arteries. However, its pathogenesis has not fully been understood yet. Red blood cell distribution width (RDW) has recently been suggested as a marker of acute and chronic cardiovascular diseases, while no data is available in patients with CSX. METHODS: One hundred and twenty consecutive patients with CSX and 102 normal controls were prospectively enrolled in this study. Blood samples were drawn from all individuals for measuring RDW and high-sensitivity C-reactive protein (CRP). The baseline data were compared between patients with CSX and normal controls. RESULTS: The RDW levels were significantly higher in patients with CSX than that in those with normal controls (13.1 ± 2.1 versus 12.3 ± 1.8, p = 0.011). Moreover, the data showed that the levels of plasma CRP were marked higher in patients with CSX than those that were observed in normal controls (CRP: 2.8 ± 2.2 mg/L versus 2.0 ± 1.7 mg/dl, p = 0.014). In addition, the multivariate analysis indicated that peripheral monocyte cell, CRP and RDW were the independent variables most strongly associated with CSX. In a receiver operating characteristic (ROC) curve analysis, we found that an RDW value of 12.8% was used as an effective cut-point in the segregation of the presence or absence of cardiac syndrome X, a sensitivity of 52.0% and a specificity of 65.4% were obtained. Finally, correlation analysis suggested that there was positive correlation between plasma levels of CRP and RDW levels (n = 120, γ = 0.381, P = 0.013). CONCLUSIONS: The present study, for the first time, demonstrated that elevated RDW and CRP levels were independently associated with the presence of CSX.
Introduction
Cardiac Syndrome X is a clinical entity characterized by angina-like chest discomfort, positive treadmill exercise test, negative intravenous ergonovine test and angiographically normal [1, 2] . During past several decades of years the underlying pathogenesis of this syndrome has been poorly understood in spite of the extensive studies.
Red blood cell distribution width (RDW) is a measure of the variability in the size of circulating erythrocytes, and it has commonly been utilized in the differential diagnosis of anemia [3, 4] . More recently, RDW has been shown to be a marker and independent predictor in a variety of cardiovascular diseases including acute coronary syndromes [5] , stable angina [6] , heart failure [7] , peripheral vascular disease [8] , stroke [9] , old age [10] , coronary artery ectasia [11] , postinterventional thrombosis, poor myocardial perfusion following percutaneous coronary intervention after acute myocardial infarction [12, 13] and also general population, even after adjustment for hematocrit [14] . However, the investigation of RWD in cardiac syndrome X, a condition associated with endothelial activation and coronary microvascular dysfunction, has not been performed up to date. Moreover, emerging data suggested that inflammation might play a role in microvascular dysfunction in patients with cardiac syndrome X, and C-reactive protein (CRP) might a promising marker for this disorder [15] [16] [17] .
Given that elevated RDW is widely recognized in several cardiovascular diseases, and the mechanism of increased RDW in patients with cardiovascular diseases is possibly associated with inflammation [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The aim of the present study was to investigate whether increased RDW is a marker for predicting the presence of cardiac syndrome X. The relationship between RDW and CRP levels in patients with cardiac syndrome X was also examined in this study.
Methods

Study population
This was an observational study derived from a cohort of patients prospectively entered into a database for the purpose of assessing the prognostic significance of various plasma biomarkers in patients with known or suspected coronary artery disease in our division of the Fu Wai Hospital. The study was approved by the local ethics committee, and complied with the Declaration of Helsinki. The population was prospectively selected from consecutive patients (a total of 4287 patients) who underwent coronary angiography between December 2009 and March 2012 due to the presence of angina-like chest pain and/or positive treadmill exercise test. Finally, 120 patients with cardiac syndrome X were enrolled into the study. Entry criteria of cardiac syndrome X were typical angina-like chest pain, normal 12-lead electrocardiogram at rest, a positive exercise test response (> 0.1 mV ST-segment depression at 80 ms after the J point in two or more contiguous leads) and a complete normal coronary angiogram. The normal controls were defined as (1) the presence of anginal chest pain, (2) a normal coronary angiography, and (3) no ischemia on myocardial perfusion scintigraphy or during the treadmill exercise test. Normal control consisted of 102 individuals who presented with (1) anginal chest pain; (2) no ischemia on myocardial perfusion scintigraphy or during the treadmill exercise test; (3) a normal coronary angiography.
All individuals with cardiac syndrome X or normal controls enrolled in this study had normal hepatic and renal function. Patients with evidence of myocardial infarction, valvular heart disease, left ventricular dysfunction, congestive heart failure, a history of dysphagia, swallowing as well as intestinal motility disorders, untreated thyroid disease, sinus node dysfunction or conduction disturbance, estrogen replacement therapy, autoimmune disease, and recent infection (within 3 months) were excluded from the study. In addition, subjects were also excluded from this study if they have had previous history of anemia, have received previous red blood cell transfusion or were on treatment for anemia, such as supplemental iron, folate or an erythropoiesis-stimulating agent. Patients with known hematological disease such as hemolytic anemia, neoplastic metastases to the bone marrow, iron replacement therapy that could increase plasma RDW levels were not included in the present study.
Baseline characteristics of all subjects were recorded including age, sex, body mass index, diabetes mellitus, hypertension, dyslipidemia, smoking, family history of coronary artery disease, left ventricular ejection fraction, creatinine, and medications were recorded.
Angiographic examination
The selective coronary angiography for all enrolled individuals including patients with cardiac syndrome X and normal control was performed using the standard Judkin's techniques, and the results were analyzed by at least two interventional physicians according to our previous study [18] . Only angiograms with visually smooth contours with no wall irregularities were considered as normal. To exclude the possibility of coronary spasm, all patients underwent hyperventilation tests during coronary angiography, which was performed by asking the patients to breathe quickly and deeply for at least 5 minutes.
CRP and RDW measurement
EDTA-anticoagulated peripheral blood sample were taken after 12-hour overnight fast at baseline. The plasma was obtained after a centrifugation of 3000 rpm at 4
• C for 15 minutes. The levels of highsensitivity CRP were determined using immunoturbidometry (Beckmann Assay 360) as our previously reported [18] . The median normal value for CRP is 0.08 mg/dl, with 90% of normal values < 0.03 mg/dl, with a lower detection limit of 0.02 mg/dl. The inter- 30 (25) 14 (14) 0.042 ACEI, n (%)
34 (28) 25 (24) 0.351 Statin, n (%)
36 (30) 27 (26) 0.080 CCB, n (%)
17 (14) 17 (17) 0.733 CAD = coronary artery disease; LVEF = left ventricular ejection fraction; LVEF = left ventricular ejection fraction; ACEI = angiotensinconverting enzyme inhibitor; CCB = calcium channel blocker.
assay and intra-assay coefficients of variation were from 4.5 and 5.1%, respectively. Hemoglobin, RDW, and white blood cell (WBC) count were also determined after admission by the automated hematology analyzer XE-1200 (Sysmex, Kobe, Japan). The normal range of RDW (%) in our hospital laboratory was 10-16%. The other biochemical measurements were performed using a molecular analyzer (Roche Diagnostics, Manheim, Germany).
Statistical analysis
Statistical analyses were carried out using SPSS 15.0 (SPSS Inc., Chicago, Illinois, USA) software. Continuous variables are expressed as mean ± SD, and categorical variables were expressed as percentage. Comparison of continuous variables between the two groups was performed using Student t test and/or Mann-Whitney U test. The chi-square test, or the Fisher exact test was used to compare the categorical variables between the two groups. Because the distribution of CRP is skewed rightward, log transformation was made at baseline, and the significance of any difference in distributions was assessed by the Wilcoxon rank-sum test as our previously reported [18] . The univariate and multivariate analysis was used for baseline clinical characteristics, inflammatory biomarkers, and RDW. Association between RDW and CRP was test using Spearman correlation coefficient. Receiver operating characteristic (ROC) curve analysis was performed to define the optimal CAD-specific cut-off points. A p value < 0.05 was considered statistically significant.
Results
Baseline clinical characteristics
Baseline clinical characteristics of the study population are given in Table 1 . There were no significant differences between the two groups with respect to age, body mass index, blood pressure, smoking consumption, lipid profile, diabetes, function of left ventricle. However, the percentage of Hypertension, menopausal, and β-blocker treatment was significantly higher in patients with cardiac syndrome X group compared with control group.
Laboratory findings
Laboratory findings from individuals with cardiac syndrome and those with normal controls are summarized in Table 2 . As showed in Table 2 , the RDW levels in patients with cardiac syndrome X were significantly higher compared with normal controls (13.1 ± 2.1 versus 12.3 ± 1.8, p = 0.011). And also, plasma CRP levels in patients with cardiac syndrome X were much higher than that in those with normal controls, which was 1.33-fold higher in patients with cardiac syndrome X compared with normal controls (2.8 ± 2.2 mg/dl versus 2.0 ± 1.7 mg/dl, p = 0.014). Moreover, The data also showed an increased numbers of white blood cells in patients with cardiac syndrome X compared with normal controls (6834 ± 1072/mm 3 vs 6015 ± 1153/mm 3 , p = 0.047). Similarly, the peripheral circulating monocyte cells were significantly higher in pa- Hs-CRP = high-sensitivity C-reactive protein; RDW=red blood cell distribution width. tients with cardiac syndrome X compared with normal controls (608 ± 170/mm 3 vs 521 ± 175/mm 3 , p = 0.025). However, there was no significant difference in hemoglobin levels between the two groups (13.1 ± 1.3 g/dl vs 12.8 ± 1.2 g/dl, p = 0.651).
Univariate and multivariate analysis
All 6 variables associated with cardiac syndrome X including hypertension, menopausal, peripheral circulating white blood cell, monocyte cell, CRP and RDW with p < 0.05 in univariate analysis are presented in Table 3 , (hypertension: odds ratio 1.207, 95% confidence interval 1.034 to 1.779, p = 0.050; Menopausal: odds ratio 1.275, 95% confidence interval 1.162 to 1.812, p = 0.047; White blood cell: odds ratio 1.291. 95% confidence interval 1.072 to 1.843, p = 0.054; monocyte cell: odds ratio 1.344. 95% confidence interval 1.167 to 1.902, p = 0.043; CRP: odds ratio 2.052. 95% confidence interval 1.380 to 3.642, p = 0.011; RDW: odds ratio 1.926. 95% confidence interval 1.319 to 2.581, p = 0.013). And then, we put those 6 variables into the multivariate analysis. Interestingly, we found that peripheral monocyte cell, hs-CRP and RDW were the independent variables most strongly associated with cardiac syndrome X (peripheral moncyte cell: odds ratio 1.250, 95% confidence interval 1.103 to 1.842, p = 0.004; hs-CRP: odds ratio 1.173, 95% confidence interval 1.152 to 2.905, p = 0.001; RDW: odds ratio 1.405, 95% confidence interval 1.291 to 2.956, p = 0.000; Table 3 ).
ROC curve and correlation analysis
In a ROC curve analysis with area under curve (AUC) = 0.61, 95%CI: 0.56-0.66, we found that an RDW value of 12.8% was used as an effective cutpoint in the segregation of the presence or absence of cardiac syndrome X, a sensitivity of 52.0% and a specificity of 65.4% were obtained (Fig. 1) .
We also examined the correlation of RDW with CRP levels in patients with cardiac syndrome X. As shown in Fig. 2 , there was a positive correlation between RDW and plasma levels of CRP in patients with cardiac syndrome X (n = 120, γ = 0.381, P = 0.013).
Discussion
The main findings of the present study are that (1) RDW level was significantly higher in patients with cardiac syndrome X compared with normal control; (2) the baseline RDW levels were independent predictor for this disease condition; (3) a positive correlation between RDW level and plasma concentration of CRP in patients with cardiac syndrome X. It has been well recognized that chest pain with normal coronary arteries are termed as cardiac syndrome X. The patients with this syndrome often complain of debilitating and excruciating chest pain despite the presence of normal coronary arteries on angiography [15] . Although cardiac syndrome X is not associated with an increased risk of death, it often severely impairs quality of life and represents a substantial cost burden to the health care system [16] . Although the exact mechanism by which cardiac syndrome X developed, remains unknown, coronary microvascular dysfunction and earlier, silent atherosclerosis has been suggested as two major contributors [19] .
Generally, elevated RDW results from heterogeneity and erythrocyte size and erythrocyte fragmentation in the circulation. RDW is commonly used, in combination with mean corpuscle volume, as an indicator of differential diagnosis of anemia [3, 4] . Factors that contribute to increased erythrocyte size heterogeneity include iron or vitamin B12/folate deficiency, decreased erythrocyte life-span, impaired erythropoiesis and factors that contribute to erythrocyte fragmentation including increased fragility and destruction of red cell [20, 21] . However, increased RDW has recently been found to be a strong and independent predictor of increased risk of mortality and adverse cardiovascular outcomes in patients with acute and chronic cardiovascular diseases [5] [6] [7] [8] [9] [10] [11] [12] [13] . There is no data available in the current literatures regarding the relationship between RWD and cardiac syndrome X despite the evidence of the role of RDW in a variety of cardiovascular diseases. In the present study we extended previous studies and for the first time found that RDW was significantly higher in patients with cardiac syndrome X compared with normal controls (13.1 ± 2.1 versus 12.3 ± 1.8, p = 0.011).
The exact illustration of correlation between higher levels of RDW and the presence of cardiac syndrome X is unclear. One of the most possible mechanisms may be related to inflammation. In fact, emerging findings have suggested a role of inflammation in coronary endothelial dysfunction in cardiac syndrome X [19, [22] [23] [24] [25] [26] [27] . Tousoulis et al., found that serum levels of vascular cell adhesion molecule-1 (VCAM-1) and intercellular adhesion molecule-1 (ICAM-1) were significantly higher in patients with cardiac syndrome X. Pathophysiologically, those adhesion molecules are usually synthesized by activated endothelial cells in response to inflammatory stimuli [22] . In accordance with those findings, data from Lanza GA, et al. also demonstrated an increased level of interleukin-1 (IL-1) receptor antagonist in patients with cardiac syndrome X, unrelated with infectious burden [23] . More recent data showed that soluble CD40 ligand (sCD40L) was associated with ischemic burden in patients with cardiac syndrome X, suggesting the potential role of this inflammatory molecule in the pathogenesis of cardiac syndrome X deserves further investigation [24] .
CRP, a marker of chronic inflammation and a predictor of vascular events, has been associated with impaired endothelial function in patients with either coronary artery disease or cardiac syndrome X. Elevated CRP has also been demonstrated to be correlated with the activity of the disease in patients with cardiac syndrome X [23] . Cosin-Sales et al. indicated that CRP levels were associated with electrocardiogram markers of myocardial ischemia and disease activity [25] . As similarly observed in patients with coronary artery disease, elevated CRP levels in patients with cardiac syndrome X have been showed to be independent of age, sex, obesity, and cholesterol levels, which suggested that inflammation might enhance the effects of certain conventional risk factors on promoting endothelial dysfunction and atherosclerosis [26, 27] .
In fact, RWD levels have been demonstrated to be associated with inflammatory markers such as soluble tumor necrosis factor receptor and CRP in the setting of atherosclerosis and other diseases [28] . Importantly, proinflammatory cytokines have been found to inhibit erythropoietin-induced erythrocyte maturation, which is reflected in part by an increase in RDW [6, 29] . Accordingly, we hypothesized that higher values of RDW may be presented as a potential underlying inflammatory state in patients with cardiac syndrome X. In this small-sample size, consecutive, sex-matched study, our data showed that peripheral circulating white blood cells and monocyte cells were significantly higher in patients with cardiac syndrome X compared with normal controls. The fact that a positive correlation between RDW level and plasma concentration of CRP in patients with cardiac syndrome X in the present study, may also support the concept that low-grade, chronic inflammation might be involved in the pathogenesis of cardiac syndrome X.
In conclusion, our data for the first time showed that elevated RDW existed in patients with cardiac syndrome X, which was independently associated with the presence of cardiac syndrome X. The data also demonstrated a positive correlation between RDW and CRP levels. The results may indicate that the role of RDW in predicting the prognosis of cardiac syndrome X and its relation to inflammation deserves further investigation.
Limitations
Firstly, the cardiovascular events were not analyzed in the present study. Secondly, the study needs replication in other population due to the observational nature of the study. Moreover, a single center study may be also a limitations. The possibility of underlying coronary artery spasm was ruled out by hyperventilation test rather than ergonovine injection. As the specificity and the sensitivity of the hyperventilation test compared to ergonovine injection is lower, the use of hyperventilation may be a limitation of this study. However, we preferred hyperventilation test in our patients because of the possibility of persistent, and severe, painful spasm with ergonovine. Furthermore, smallsample size may also be a limitation. Finally, the other factors including iron, vitamin B12, and folate did not measured in this study.
